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APPARATUS FOR DISPLAYING 
TWO-DIIVIENSIONAL IMAGE 

INFORMATION 

This application is a ?le wrapper continuation of U.S. 
application Ser. No. 07/801,931, ?led Dec. 3, 1991, now 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a two-dimensional image 
display apparatus in which a laser beam is irradiated onto the 
display surface such as a screen or the like while the laser 
beam is de?ected by de?ecting means such as a galvanom 
eter or the like so that an image is displayed in accordance 
with input data. 

2. Description of Background Information 
An apparatus has already come to be widely known as 

Laser display apparatus, in which a laser beam emitted from 
a light source as means for radiating a laser beam is 
irradiated onto the screen while the laser beam is de?ected 
in horizontal and vertical directions in accordance with input 
data carrying two-dimensional coordinates. 

FIG. 1 shows a conventional example of such a display 
apparatus. In the conventional apparatus shown in the ?gure, 
a data generating circuit (not shown) such as a microcom 
puter or the like previously stores coordinates (xi, y,-) of each 
of designated points in a group of display points correspond 
ing to an image to be displayed on the display screen. Input 
data of a digital signal carrying the coordinates (xi, y,-) of the 
designated points is supplied to a drive signal generating 
device 1 at predetermined timings. In the drive signal 
generating device 1, the input data is converted into an 
analog signal by means of a D/A converter 11. The analog 
signal is supplied to a drive circuit 12 wherein power 
ampli?cation of the input analog signal is performed. A 
driving voltage V, which is proportional to the horizontal 
coordinate x,- of the designated point is applied from the 
drive circuit 12 to a driving motor 2a of a galvanometer 2. 
Arotating mirror 2b is directly coupled to the drive motor 2a 
and a rotational angle is determined in accordance with the 
driving voltage V,,. Likewise, a driving voltage Vy which is 
proportional to a vertical coordinate y, of the designated 
point is applied from the drive circuit 12 to a driving motor 
3a of a galvanometer 3 and a rotational angle of a rotating 
mirror 3b coupled directly to the driving motor 3a is 
determined in accordance with the driving voltage Vy. In this 
way, the galvanometers 2 and 3 function as de?ecting means 
for de?ecting a laser beam in the horizontal and vertical 
directions. 
A laser beam 5 radiated from a light source 4 is re?ected 

by the rotating mirrors 2b and 3b and is irradiated onto a 
screen 6 as a display surface. The laser beam 5 is scanned on 
the screen 6 in the direction indicated by the arrow x, 
namely, horizontal direction in accordance with the rotation 
of the rotating mirror 2b. The laser beam 5 is similarly 
scanned on the screen 6 in the direction indicated by the 
arrow y, namely, vertical direction in accordance with the 
rotation of the rotating mirror 3b. As mentioned above, a 
light spot of the laser beam 5 drawn on the screen, that is, 
a display point is determined according to the coordinates 
(xi, y,) of the designated point of input data. 

In FIG. 2, the laser beam is de?ected in the horizontal 
direction at an angle 6x by means of the rotating rrrirrors 2b 
and 3b operating as a center point 0 in proportion to the 

10 

15 

20 

25 

30 

35 

40 

50 

55 

65 

2 
horizontal coordinate x,, and is irradiated to a point P on the 
screen 6. Although a length D0,, of an arc Q'P‘ on a spherical 
surface 6' of a radius L is proportional to xi, a displacement 
QP in the direction x on the screen 6 is not proportional to 
xi. Also with respect to the vertical direction, the displace 
ment in the direction y is not proportional to y,-. As described 
above, the coordinates (x,, y,-) of the designated point do not 
coincide with coordinates (xj, yj) of a display point on the 
screen since the screen 6 does not have a spherical surface. 
For instance, in the case where the input data carries 
coordinates of the designated points in lattice-shape as 
shown in FIG. 7A, the display points drawn on the screen 6 
are distributed as shown in FIG. 7B. Thus, there has been a 
problem of what is called a pincushion distortion occurs. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide an 
apparatus for displaying two-dimensional image informa 
tion, in which an image of display points having coordinates 
which coincide with the coordinates of the designated point 
of input data is obtained on the display screen. 

According to the invention, there is provided a two 
dimensional image information display apparatus which 
comprises: laser beam radiating means for radiating a laser 
beam; drive signal generating means for generating a drive 
signal in accordance with input data carrying coordinates of 
designated points; and de?ecting means for de?ecting the 
laser beam at an angle according to the drive signal, and 
irradiating the de?ected laser beam onto a display surface, 
thereby obtaining a display point, wherein the drive signal 
generating means has means for storing the coordinates of 
reference points, means for storing errors respectively 
indicative of a deviation of coordinates of a display point 
which are obtained when the coordinates of a reference point 
are used as coordinates of the designated point from the 
coordinates of the reference point, interpolating means for 
producing errors corresponding to the coordinates of desig 
nated point as interpolation errors by using an interpolating 
method, and converting means for converting the coordi 
nates of the designated point by the interpolation errors, 
thereby producing converted coordinates, and for using the 
converted coordinates as the input data. 

The two-dimensional image information display appara 
tus according to the present invention is con?gured such that 
the input data carrying coordinates of designated points is 
corrected by the interpolating method, thereby producing 
converted coordinates, and the drive signal is produced on 
the basis of the converted coordinates, so that the laser beam 
is irradiated onto the display surface while the laser beam is 
de?ected in accordance with the drive signal. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of a conventional apparatus for 
displaying two-dimensional image information; 

FIG. 2 is a diagram showing the manner of de?ection of 
a laser beam 5 in the conventional two-dimensional image 
information display apparatus shown in FIG. 1; 

FIG. 3 is a block diagram of a two~dimensional image 
information display apparatus according to the present 
invention; 

FIG. 4 is a ?owchart which is executed by the controller 
13 shown in FIG. 3; 

FIG. 5 is a coordinate diagram for explaining the relation 
between the coordinates of designated point and the coor 
dinates of a reference point; 
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FIG. 6 is a graph for approximation for an interpolating 
method which is executed by the controller 13 in FIG. 3; 

FIG. 7A is a diagram showing lattice-shaped designated 
points; and 

FIG. 7B is a diagram showing a pincushion distortion 
which occurs when coordinates of the designated points in 
FIG. 7A are used as input data. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

An embodiment of the invention will be described here 
inbelow with reference to FIGS. 3 and 4. A shown in FIG. 
3, a controller 13 and a memory 14 provided as a storage 
device are added to the driving means 1 in the construction 
shown in FIG. 1. The other elements in the structure are the 
same as those in FIG. 1 and are designated by the same 
reference numerals. It is now assumed that the whole 
coordinates of display points on the screen 6 are constructed 
by, for instance, 1000 coordinates in the direction x, namely, 
the horizontal direction and 705 coordinates in the direction 
y, that is, the vertical direction. In such an arrangement, -a 
part of the coordinates of display points, for instance, 
coordinates of reference points corresponding to 200 coor 
dinates in the horizontal direction and 150 coordinates in the 
vertical direction is stored in a memory 14a. Data of errors 
corresponding to the coordinates of the reference points is 
stored in a memory 14b. The above errors indicate errors 
between the coordinates of display points displayed on the 
screen 6 when the coordinates of the reference points are 
used as the coordinates of designated points and the coor 
dinates of designated points. 
The operation of the embodiment shown in FIG. 3 will 

now be described. In a ?owchart shown in FIG. 4, when 
input data carrying the coordinates of a designated point is 
supplied from a data generating circuit (not shown) (step 
$1), the coordinates of the reference points in the memory 
14a are referred to (step S2). It is now assumed that the 
coordinates of a designated point Pi(xi, y,) of the input data 
exist in a rectangular area which is de?ned by the coordi 
nates of two reference points P1(x1, y,) and P2(x2, yz) among 
the coordinates of the reference points P1, P2, P3, . . . P" 
shown in FIG. 5. In step S3, the errors corresponding to the 
x and y coordinates of the coordinates of the reference point 
are read out from the memory 14b. As shown in FIG. 6, the 
errors corresponding to x1 and x2 are expressed by e, and 62. 
By an interpolating method using a straight line connecting 
a, and 62 as an approximation formula, an interpolation 
coe?icient KX is ?rst calculated as a gradient of such an 
approximation formula in accordance with the following 
calculating equation (1) (step S4). 

An interpolation error e,- of x,- is produced on the basis of 
the interpolation coe?icient Kx by the following calculating 
equation (2) (step S5). 

€r:Kx'(xi_x1)+€l (2) 

In steps S3 to S5, an interpolation error 5,- of the coordi 
nate yi of the designated point is also obtained in the similar 
manner with respect to the y coordinate. 
On the basis of the interpolation errors ei and e,, converted 

coordinates (x,, y,-) of the designated coordinates (xi, y,) are 
produced by the following calculating equations (3) and (4) 
(step S6). The input data using the converted coordinates as 
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4 
coordinates of the designated point is then transmitted from 
the controller 13 (step S7). 

When the input data is transmitted, a check is made to see 
if the next input data exists or not (step S8). If the answer is 
YES, step S1 follows and the input data is fetched and the 
processes in step S2 and subsequent steps are executed. If 
the end of the input data is determined in step S8, the 
execution of the coordinate conversion process will be 
terminated. In FIG. 3, when the input data using the con 
verted coordinates as coordinates of designated point is 
supplied to the D/A converter 11 and the drive signal is 
produced by the drive circuit 12, the display point coordi 
nates (xi, yi) which coincide with the coordinates of desig 
nated point (xi, y,) are obtained on the screen 6. 

If an integer arithmetic operation of 16 bits is performed 
for the above calculating equations, the calculation can be 
performed at a high speed and a display apparatus of a high 
response speed can be realized. Now, assuming that, for 
instance, x,=l0, x2=30, x,=l2, e1:l0, and 62:25 (all of the 
above numerals are based on the decimal notation), how 
ever, 

is derived from the calculating equation (1). In the case of 
the integer arithmetic operation, however, since the ?gures 
below decimal point are omitted, KX=O. The interpolation 
error ei is consequently equal to 10 by the calculating 
equation (2) and coincides with the error e, of xi so that the 
interpolation will not be performed. 

In another embodiment, therefore, a value 10 is multiplied 
to a dividend (£211) of the equation (1) and the numerals of 
the solution is shifted up by one digit, so that the following 
calculating equation (5) is formed. 

In the equation (2), the result of the multiplication Kx-(xi—yi) 
is divided by 10 so that the numerals of the solution is shifted 
down by one digit, thereby the following calculating equa 
tion (6) is formed. 

Kx is obtained as follows by the equation (5). 

xX=10><15/20=7.5 

The numerals of the solution is rounded to KX=7 because of 
the integer arithmetic operation. Then, the following result 
is obtained by the calculation of 6,- using the equation (6). 

Also the numerals of the solution is rounded to el=l because 
of the integer arithmetic operation. Therefore, a value X,=l 3 
is obtained by the equation (3), which is approximate to the 
true converted coordinate x,=ll.5 based on the arithmetic 
operation including decimal fraction. 

In the above two embodiments, the coordinates of the 
reference points corresponding to a part of the whole display 
point coordinates on the screen 6 are stored into the memory 
14a. It is, therefore, sufficient to provide 480 k bits as a 
capacity of the memory 14. In recent years, however, the 
progress of high density and low cost IC memories such as 
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DRAM or the like is taking place. It is therefore also 
possible to store the errors corresponding to all of the 
coordinates of the display points into the memory 14. In 
such a case, although a capacity of about 6 M bytes is needed 
for the memory 14, it is unnecessary to produce the inter 
polation errors, the errors corresponding to the coordinates 
of designated point are searched, and the converted coordi 
nates can be produced only by the equations (3) and (4) of 
addition operation, so that the calculation of a higher speed 
can be realized. 
As described above, in the two-dimensional image infor 

mation display apparatus according to the intention, when 
the input data carrying the coordinates of designated points 
is to be drawn on the display screen, the coordinates of 
reference points, and errors indicative of the deviation of the 
coordinates of display points which are obtained when the 
coordinates of the reference point are used as the coordinates 
of the designated points, are stored, errors which do not 
correspond to the coordinates of the designated point are 
produced as interpolation errors by an interpolating method, 
converted coordinates are produced by the interpolation 
errors, and the converted coordinates are used as coordinates 
of designated point. The display point coordinates which 
coincide with the coordinates of designated point of the 
input data, consequently, can be obtained on the display 
screen. 

What is claimed is: 
1. A two-dimensional image information display appara 

tus comprising: 
laser beam radiating means for radiating a laser beam; 
input means for inputting a digital signal representing a 

plurality of coordinates of designated points; 
drive signal generating means for generating a drive 

signal in accordance with the coordinates of designated 
points and for eliminating image distortion caused by 
differences in distance between the laser beam radiating 
means and different points on the display screen; and 

de?ecting means for de?ecting an angle of the laser beam 
in accordance with the drive signal, for irradiating the 
de?ected laser beam onto a display screen having a 
known curvature, 
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wherein said drive signal generating means includes: 

means for storing coordinates of reference points, the 
number of said reference points being less than the 
number of all possible coordinates of designated points; 

means for storing predetermined errors corresponding to 
said reference points indicative of a deviation in coor 
dinates of a display point obtained when the coordi 
nates of a reference point are used as the coordinates of 

a designated point from the stored coordinates of said 
reference point, said deviation being a function of said 
known curvature; 

interpolating means for calculating an error correspond 
ing to one of said designated points by interpolating 
between the stored predetermined errors corresponding 
to at least two of said reference points adjacent said 
designated point; and 

correcting means for correcting the coordinates of said 
designated point using the error calculated by said 
interpolating means, and for using said corrected coor 
dinates as said drive signal. 

2. An apparatus according to claim 1, wherein said 
interpolating means multiplies by a predetermined number 
the difference in the stored errors corresponding to the at 
least two reference points adjacent said designated point to 
produce a ?rst result, divides the ?rst result by the difference 
in the stored coordinates for the at least two reference points 
adjacent said designated point to produce a second result, 
multiplies the second result by the difference in the coordi 
nates for the designated point and the stored coordinates for 
one of the two reference points adjacent the designated point 
to produce a third result, divides the third result by the 
predetermined number to produce a fourth result, and adds 
to the fourth result the stored errors corresponding to the one 
of the two reference points adjacent said designated point to 
produce the error corresponding to the designated point. 
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